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Puddle Interference The concept of interference shows up in
everyday life in bodies of water, from puddles to oceans.
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Taken from the 22 November 1919 edition
of the lllustrated London News.

Coverage|in the (more excitable)
New Yorkilimes.
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The fifst black hole candidate discovered
in 1972, is part of an x-ray binary system,
orbiting its visible companion HDE 226868.
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Fig. 1. (a) Embedding diagram for a wormhole that connects two differ-
ent universes. (b) Embedding diagram for a wormhole that connects two
distant regions of our own universe. Each diagram depicts the geometry of
an equatorial (8 = 7/2) slice through space at a specific moment of time
(t = const). These embedding diagrams are derived quickly initem (b) of
Box 2, and—in a more leisurely fashion—in Sec. III C, where they are alsoa.
discussed. This figure is adapted from Ref. 1, Fig. 31.5.
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VOLUME 61, NUMBER 13 PHYSICAL REVIEW LETTERS 26 SEPTEMBER 1988

Wormbholes, Time Machines, and the Weak Energy Condition

Michael S. Morris, Kip S. Thorne, and Ulvi Yurtsever

Theoretical Astrophysics, California Institute of Technology, Pasadena, California 91125
(Received 21 June 1988)

It is argued that, if the laws of physics permit an advanced civilization to create and maintain a
wormhole in space for interstellar travel, then that wormhole can be converted into a time machine with
which causality might be violatable. Whether wormholes can be created and maintained entails deep,
ill-understood issues about cosmic censorship, quantum gravity, and quantum field theory, including the
question of whether field theory enforces an averaged version of the weak energy condition.

Morris, Thorne, Yurtserver, PRL 61 (1988) 3182
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PHYSICAL REVIEW D 66, 044005 (2002)

Fate of the first traversible wormhole: Black-hole collapse or inflationary expansion

Hisa-aki Shinkai*
Computational Science Division, Institute of Physical & Chemical Research (RIKEN), Hirosawa 2-1, Wako, Saitama, 351-0198, Japan

Sean A. Hayward'
Department of Science Education, Ewha Womans University, Seoul 120-750, Korea
(Received 10 May 2002; published 16 August 2002)

We study numerically the stability of the first Morris-Thomne traversible wormhole, shown previously by
Ellis to be a solution for a massless ghost Klein-Gordon field. Our code uses a dual-null formulation for
spherically symmetric space-time integration, and the numerical range covers both universes connected by the
wormhole. We observe that the wormhole is unstable against Gaussian pulses in either exotic or normal
massless Klein-Gordon fields. The wormhole throat suffers a bifurcation of horizons and either explodes to
form an inflationary universe or collapses to a black hole if the total input energy, is, respectively, negative or
positive. As the perturbations become small in total energy, there is evidence for critical solutions with a certain
black-hole mass or Hubble constant. The collapse time is related to the initial energy with an apparently
universal critical exponent. For normal matter, such as a traveller traversing the wormhole, collapse to a black
hole always results. However, carefully balanced additional ghost radiation can maintain the wormhole for a
limited time. The black-hole formation from a traversible wormhole confirms the recently proposed duality
between them. The inflationary case provides a mechanism for inflating, to macroscopic size, a Planck-sized
wormhole formed in space-time foam.
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Bifurcation of the horizons — go to a Black Hole or Inflationary expansion

Black Hole
or

Inflationary

expansion

- amplitude = +0.10
amplitude = +0.01
no perturbation
amplitude = -0.01

— ---- amplitude = -0.10

Areal Radius at the "throat"

X minus

proper time on the "throat"

Figure 4: Partial Penrose diagram of the evolved space-time.
Figure 6: Areal radius r of the “throat” x* = x~, plotted as a function of proper time. Additional negative energy causes
inflationary expansion, while reduced negative energy causes collapse to a black hole and central singularity.
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Travel through a Wormhole
-- with Maintenance Operations!

<

Figure 11: A trial of wormhole maintenance. After a normal scalar pulse, we signalled a ghost scalar pulse to extend the life
of wormhole throat. The travellers pulse are commonly expressed with a normal scalar field pulse, (¢, &, ¢.) = (+0.1,6.0,2.0).
Horizon locations ¥, = 0 are plotted for three cases:

(A) no maintenance case (results in a black hole),

(B) with maintenance pulse of (c,, ¢, ¢.) = (0.02390, 6.0, 3.0) (results in an inflationary expansion),

(C) with maintenance pulse of (c,, ¢, ¢.) = (0.02385, 6.0, 3.0) (keep stationary structure upto the end of this range).
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The Origin of Chemical Elements

R. A. ALPHER*

Appisied Physics Laboratory, The Johns Hopkins University,
Stlver Spring, Marviand
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H. BETHE
Cornell Unsversity, Ithaca, New York

AND

G. Gamow
The George Washington University, Washington, D. C.
February 18, 1948

S pointed out by one of us,! various nuclear species
must have originated not as the result of an equilib-

rium corresponding to a certain temperature and density,
but rather as a consequence of a continuous building-up
process arrested by a rapid expansion and cooling of the
primordial matter. According to this picture, we must
imagine the early stage of matter as a highly compressed
neutron gas (overheated neutral nuclear fluid) which
started decaying into protons and electrons when the gas

Physical Review, 1948/4/1
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Wilﬁinson Microwave Anisotropy Probe, 2002
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